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(57) ABSTRACT

A commutator mncluding a commutator main body having a
plurality of commutator pieces and a short-circuit member
having a short-circuit conductor for short-circuiting commu-
tator pieces. The short-circuit conductor includes superim-
posed first and second short-circuit member formation
groups. The first short-circuit member formation group 1s
thinner than the second short-circuit member formation
group. The first and second short-circuit member formation
groups are fixed to each other by crimping projections, which
are formed on the second short-circuit member formation
group through punching, in a state inserted through holes,
which are formed 1n the second short-circuit member forma-

tion group.

13 Claims, 5 Drawing Sheets
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1
COMMUTATOR AND ARMATURE

RELATED APPLICATIONS

This application claims the benefit of foreign priority from

Japanese Patent Application No. 2005-209130, filed Jul. 19,
2005.

BACKGROUND OF THE INVENTION

The present invention relates to a commutator in which
predetermined commutator pieces are short-circuited, and to
an armature.

In the prior art, an armature for a motor having power
teeding brushes may include a commutator 1n which a plu-
rality of commutator pieces are short-circuited. Such a motor
allows electric current to flow even to commutator pieces that
are not 1n contact with power feeding brushes by short-cir-
cuiting predetermined commutator pieces. This enables a
reduction in the number of power feeding brushes required in
the motor.

In one example, 1n a rotating armature described in Japa-
nese Laid-Open Patent Publication No. 2000-1348773, a plu-
rality of short-circuit conductors for short-circuiting commu-
tator pieces ol a commutator are arranged to overlap one
another at an axial end portion of the commutator.

However, when the short-circuit conductors are arranged
to overlap one another at the axial end portion of the commu-
tator, the overlapping short-circuit conductors increase the
length of the commutator in the axial direction, which 1n turn,
increases the length of the armature 1n the axial direction.
Further, the overlapping short-circuit conductors may rub
against one another. This may rub off the coating of the
short-circuit conductors. In such a case, the short-circuit con-
ductors may be electrically connected (layer short). This may
lower the manufacturing yield of the armature or cause erro-
neous operations of the armature and may eventually lower
the reliability of the armature.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to provide a com-
mutator and an armature that may be shortened in the axial
direction and have high reliability.

To achieve the above object, one aspect of the present
invention provides a commutator including a commutator
main body and a short-circuit member. The commutator main
body includes a cylindrical main body msulator and a plural-
ity of commutator pieces held on an outer circumierential
surface of the main body insulator so that the commutator
pieces are arranged 1n a circumierential direction of the main
body insulator. The short-circuit member 1s attached to the
commutator main body and includes a short-circuit conductor
that short-circuits the commutator pieces. The short-circuit
conductor includes first and second short-circuit member for-
mation groups arranged with one superimposed over the
other. Each of the short-circuit member formation groups has
a plurality of outer terminals arranged about an axis of the
commutator, a plurality of inner terminals arranged about the
axis of the commutator radially inward from the outer termi-
nals, and a plurality of linking portions linking each of the
outer terminals to one of the inner terminals. The linking
portions 1n at least one of the first and second short-circuit
member formation groups links the outer terminals and the
inner terminals that are separated from each other by a pre-
determined angle 1n the circumierential direction. Each of the
outer terminals in the first short-circuit member formation
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group contacts one of the outer terminals 1n the second short-
circuit member formation group, and each of the inner termi-
nals 1n the first short-circuit member formation group con-
tacts one of the 1nner terminals 1n the second short-circuit
member formation group. The linking portions in the first
short-circuit member formation group are maintained 1n non-
contact with the linking portions in the second short-circuit
member formation groups. The first short-circuit member
formation group 1s thinner than the second short-circuit mem-
ber formation group. The second short-circuit member for-
mation group has a plurality of projections formed through
punching, and the first short-circuit member formation group
has a plurality of holes respectively corresponding to the
projections. The first short-circuit member formation group
and the second short-circuit member formation group are
fixed to each other by crimping the projections in a state
inserted through the corresponding holes.

A Turther aspect of the present invention provides an arma-
ture including the above commutator. The armature includes
a rotation shaft extending through the axis of the commutator,
and an armature core fixed to the rotation shait so as to be
axially aligned with the commutator. The armature core has a
plurality of teeth. A plurality of coils are wound around the
teeth.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention believed to be novel
will become apparent from the attached claims. The mnven-
tion, together with objects and advantages thereof, may best
be understood by reference to the following description of the
presently present embodiments together with the accompa-
nying drawings i which:

FIG. 1 1s a schematic cross-sectional view of an armature
according to one embodiment of the present invention;

FIG. 2 1s a plan view showing a short-circuit member
included 1n the armature of FIG. 1;

FIG. 3 1s a plan view 1llustrating a method for manufactur-
ing the armature of FIG. 1;

FIG. 4 1s a plan view 1illustrating the method for manufac-
turing the armature of FIG. 1;

FIG. 5 1s a plan view 1illustrating the method for manufac-
turing the armature of FIG. 1;

FIGS. 6A and 6B are partially enlarged cross-sectional
views 1llustrating the method for manufacturing the armature
of FIG. 1;

FIGS. 7A and 7B are partially enlarged cross-sectional
views 1llustrating the method for manufacturing the armature
of FIG. 1;

FIG. 8 1s a cross-sectional view of a short-circuit member
according to another example of the present invention; and

FIG. 9 1s a cross-sectional view of a short-circuit member
according to a further example of the present invention.

DETAILED DESCRIPTION OF THE PR
EMBODIMENTS

SENT

(L]

A present embodiment of the present invention will now be
described with reference to FIGS. 1 to 7B. A motor includes
a stator (not shown) and an armature 1, which 1s shown 1n
FIG. 1. The stator has a plurality of permanent magnets that
are arranged 1n the circumiferential direction around a rotation
axis L of the motor. FIG. 1 only shows one side of the arma-
ture 1 with respect to 1ts axis, or with respect to the rotation
axis L of the motor.

The armature 1 includes a metal rotation shaft 2, an arma-
ture core 3 fixed to the rotation shaft 2, a commutator 4 fixed
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to the rotation shaft 2, and a plurality of coils 5. The rotation
shaft 2 1s rotatably supported by the stator. The armature core
3 1s surrounded by the permanent magnets of the stator.

The armature core 3 has a tubular portion 3a, through
which the rotation shaift 2 1s inserted, and a plurahty of teeth
3b6 (only one 1s shown in FIG. 1), which extend radially
outward from the tubular portion 3a. The coils 5 are respec-
tively wound around the teeth 35.

The commutator 4 includes a commutator main body 11
and a short-circuit member 12, which 1s arranged at an axial
end portion of the commutator main body 11. The commuta-
tor main body 11 includes a plurality of commutator pieces 13
that are arranged in the circumierential direction. In the
present embodiment, the commutator main body 11 includes
twenty-four commutator pieces 13 arranged 1 15-degree
intervals. The commutator main body 11 further includes a
generally cylindrical main body insulator 14, which holds the
radially inner side of the commutator pieces 13. More spe-
cifically, the commutator pieces 13 are fixed on the outer
circumierential surface of the main body nsulator 11 1n a
state spaced from one another in the circumierential direction
so as to form a cylindrical shape as a whole. Anode and
cathode power feeding brushes (not shown) are pressed
against the commutator pieces 13 1n a slidable manner from
the radially outer side of the commutator 4.

One end (lower ends 1n FIG. 1) of each commutator piece
13 projects axially from the main body insulator 14 and 1s
bent radially outward to form a wire connection portion 134
for hooking a coil 5. The main body msulator 14 1s made of a
thermosetting resin (a phenol resin 1n the present embodi-
ment). A cylindrical portion 14a extending in the axial direc-
tion 1s formed at the center of one end surface of the main
body msulator 14. The iner diameter of the cylindrical por-
tion 14a 1s equal to the inner diameter of the main body
insulator 14. The inner diameter of the main body msulator 14
1s set to enable the rotation shait 2 to be pressed-fitted into the
main body insulator 14.

The short-circuit member 12 includes a short-circuit con-
ductor 21 and a short-circuit 1nsulator 22. The short-circuit
conductor 21 short-circuits commutator pieces 13 that are
arranged at predetermined angular itervals (120 degrees 1n
the present embodiment). The short-circuit insulator 22 holds
the short-circuit conductor 21 1n a state embedded i1n the
short-circuit insulator 22.

The short-circuit conductor 21 includes two superimposed
short-circuit member formation groups 31 and 32. In FIG. 1,
the first short-circuit member formation group 31 1s arranged
under the second short-circuit member formation group 32.
As shown 1n FIG. 2, the short-circuit member formation
groups 31 and 32 include a plurality of outer terminals 31a
and 32a, a plurality of mnner terminals 315 and 3254, and a
plurality of linking portions 31¢ and 32¢. The outer terminals
31a and 32q are arranged 1n the circumierential direction of
the rotation shaft 2. The inner terminals 315 and 326 are
arranged 1n the circumierential direction of the rotation shaft
2 inward from the outer terminals 31a and 32a. The linking
portions 31¢ and 32¢ link the outer terminals 31a and 32a and
the nner terminals 315 and 32b. The short-circuit member
formation groups 31 and 32 are formed as layers respectively
arranged along two substantially parallel flat planes. Thus, the
short-circuit member formation group 31 never intersects the
other short-circuit member formation group 32. Inthe present
embodiment, the short-circuit member formation group 31
includes twenty-four outer terminals 31a, twenty-four inner
terminals 315, and twenty-four linking portions 31¢, and the
short-circuit member formation group 32 includes twenty-
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four outer terminals 32a, twenty-four 1nner terminals 325,
and twenty-four linking portions 32c.

-

T'he linking portions 31¢ and 32¢ 1n the short-circuit mem-
ber formation groups 31 and 32 link the corresponding outer
terminals 31a and 32a and the corresponding inner terminals
31b and 326 at positions separated from each other by a
predetermined angle (60 degrees corresponding to four ter-
minals in the present embodiment). As shown 1n FIG. 3, each
linking portion 31¢ 1n the lower first short-circuit member
formation group 31 links one of the outer terminals 31a to one
of the mner terminals 315, which 1s located at a position
separated from that outer terminal 31a by the predetermined
angle 1n the counterclockwise direction. As shown 1n FIG. 4,
cach linking portion 32¢ in the upper second short-circuit
member formation group 32 links one of the outer terminals
32a to one of the 1inner terminals 3254, which 1s located at a
position separated from that outer terminal 32a by the prede-
termined angle 1n the clockwise direction. Further, the linking
portions 31c¢ and 32c¢ in the present embodiment extends
along an 1mvolute curve.

The first short-circuit member formation group 31 1s thin-
ner than the second short-circuit member formation group 32.
Further, the first short-circuit member formation group 31 is
formed from a material having a smaller electric resistivity
than that of the second short-circuit member formation group
32. In the present embodiment, the first short-circuit member
formation group 31 1s formed from a copper material and the
second short-circuit member formation group 32 1s formed
from a brass material. In the short-circuit member formation
groups 31 and 32, the different parts (the outer terminals 31a
and 32a, the mner terminals 315 and 325, and the linking
portions 31c¢ and 32¢) each have a constant thickness.

The linking portions 31c¢ 1n the first short-circuit member
formation group 31 are curved toward one side 1n the axial
direction (the lower side 1n FIG. 1) with respect to the outer
terminals 31a and the inner terminals 315. More specifically,
the linking portions 31c¢ are curved away from the second
short-circuit member formation group 32. To ease of visual
understanding, FIG. 1 shows cross-sections taken along the
linking portions 31¢ and 32¢. Further, the linking portions 32¢
in the second short-circuit member formation group 32 lie
along the same plane as the outer terminals 32a and the 1nner
terminals 326. When the short-circuit member formation
groups 31 and 32 are superimposed, each outer terminal 31a
comes 1n contact with one of the outer terminals 32a 1n the
superimposing direction of the short-circuit member forma-
tion groups 31 and 32 and each inner terminal 315 comes in
contact with one of the inner terminals 325 in the superim-
posing direction. However, the linking portions 31¢ and 32c¢
do not come 1n contact with each other.

The short-circuit member formation groups 31 and 32 are
crimped and fixed to each other. In detail, the outer terminals
31a and the inner terminals 315 1n the first short-circuit mem-
ber formation group 31 have holes 314 and 31e (refer to FIG.
6A). A conical inclined surface T 1s formed at the opening of
cach of the holes 314 and 31e in the side opposite to the
second short-circuit member formation group 32. The
inclined surface T 1s formed in a manner that the diameter of
the hole enlarges at outer sides. The outer terminals 32a and
the 1nner terminals 3256 1n the second short-circuit member
formation group 32 are formed to have projections 324 and
32¢ (refer to FIG. 6A). The projections 324 and 32e, prior to
the crimping, have a height that 1s high enough to reach at
least the inclined surfaces T formed 1n the holes 31e and 31e
when the short-circuit member formation groups 31 and 32
are superimposed. In the present embodiment, the height of
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cach of the projections 324 and 32e 1s set greater than the plate
thickness of the first short-circuit member formation group 31
(refer to FIG. 6A).

The short-circuit member formation groups 31 and 32 are
superimposed 1n a manner that the projections 324 and 32e
are serted into and through the corresponding holes 314 and
31e and crimped so that the short-circuit member formation
groups 31 and 32 are fixed to each other (refer to FIG. 6B).
The crimping deforms the tips of the projections 324 and 32e
and covers the openings (the inclined surfaces T) of the cor-
responding holes 314 and 31e. The crimping 1s performed in
a manner that the crimped projections 324 and 32e cover the
entire inclined surfaces T but do not project from the surface
of the first short-circuit member formation group 31. The
short-circuit member 12 with this structure electrically con-
nects three outer terminals 31a (32a) arranged at 120-degree
intervals and three iner terminals 315 (32b) arranged at
120-degree 1ntervals.

In the short-circuit member formation groups 31 and 32,
cach pair of the overlapping outer terminals 31a and 32a and
cach pair of the overlapping inner terminals 315 and 325 are
also welded together (spot-welded) (not shown). In detail, the
surfaces of the short-circuit member formation groups 31 and
32 are tin-plated 1n advance. The above welding melts the tin
plating between the outer terminals 31a and 32a or between
the inner terminals 315 and 325 and bonds the outer terminals
31a and 32a and the mnner terminals 315 and 3254 together.
This stabilizes and reduces the contact resistance of the outer
terminals 31a and 32a and the mner terminals 315 and 325b.

The short-circuit insulator 22 1s made of a thermoplastic
resin and differs in material from the main body insulator 14,
which 1s made of a thermosetting resin. The short-circuit
insulator 22 1s arranged between different parts of the short-
circuit member formation groups 31 and 32 that form the
short-circuit conductor 21 (the outer terminals 31a and 324,
the mner terminals 315 and 325, and the linking portions 31c¢
and 32c¢) to keep these parts spaced from one another. The
short-circuit insulator 22 1s also arranged at both sides of the
short-circuit conductor 21 with respect to the axial direction
to cover the short-circuit conductor 21 except for the outer
terminals 31a and 32a.

As shown 1n FIG. 1, a boss 22a, which extends from the
axial end portion of the commutator main body 11, 1s 1nte-
grally formed with the short-circuit mnsulator 22. Further, the
short-circuit insulator 22 has a large-diameter portion 225 at
a basal end portion of the boss 22a. The large-diameter por-
tion 226 projects downward 1n the axial direction from the
axial end portion of the commutator main body 11 and has an
outer diameter greater than the outer diameter of the boss 22a.
The inner diameter of the tubular short-circuit insulator 22 1s
equal to the outer diameter of the cylindrical portion 14a of
the main body insulator 14. The short-circuit msulator 22
enables the cylindrical portion 14a to be fitted therein. The
short-circuit insulator 22 has a circular cross-section 1n a
manner that its outer diameter changes smoothly from the
large-diameter portion 225 to the boss 22a.

The short-circuit member 12 1s arranged on the axial end
portion of the commutator main body 11 to electrically con-
nect 1ts outer terminals 31a and 324a to the commutator pieces
13. In detail, axial end portions (lower ends 1n FIG. 1) of the
commutator pieces 13 are formed to have recesses 136 (refer
to FI1G. 7A) corresponding to the outer terminals 31a and 32a.
In a state in which the outer terminals 31a and 32a are
arranged 1n the recesses 135, the two side walls of the recesses
135 are crimped. The crimped walls are deformed to partially
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cover the outer terminals 31a and 32a. As a result, the short-
circuit member 12 1s fixed to the commutator main body 11

(refer to FIG. 7B).

FIGS. 7A and 7B do not show the short-circuit insulator 22
of the short-circuit member 12 and schematically shows only
the short-circuit conductor 21 of the short-circuit member 12.
FIG. 7B additionally shows a jig or, punch 41, used for
crimping. As shown 1n FIG. 1, the cylindrical portion 14a of

the main body insulator 14 1s fitted 1n the short-circuit 1insu-
lator 22.

As shown 1n FIG. 1, the armature core 3 and the commu-
tator 4 of the above-described structure are fixed arranged
adjacent to each other 1n the axial direction with respect to the
rotation shaft 2, which 1s inserted through the tubular portion
3a and the cylindrical portion 14a. Further, the commutator 4
comes 1n contact with the tubular portion 3a of the armature
core 3 at the distal surface of the boss 22a. The boss 22a
functions to guide and support a portion of each coil 5 that
extends from a wire connection portion 13a of the commuta-
tor piece 13 to a predetermined tooth 35 located at a position
separated from that wire connection portion 13a in the cir-
cumierential direction. Such a portion of the coil 5 1s referred
to as a crossover wire Sa. More specifically, the boss 22a
guides the coil S to prevent the coil 5 from coming 1nto direct
contact with the rotation shaft 2, or to prevent each coil 5 from
being abruptly bent with a sharp curvature.

The method for manufacturing the commutator 4 for the
armature 1 with the above-described structure will now be
described. First, a method for manufacturing the short-circuit
member 12 will be described. The method for manufacturing
the short-circuit member 12 includes a punching process, a
superimposing process, an insulator filling process, and a
removing process.

In the punching process, as shown in FIGS. 3 and 4, con-
ductive plates 55 and 56 are punched out 1n a manner that the
linking portions 31¢ and 32c¢ 1n the short-circuit member
formation groups 31 and 32 are formed spaced from one
another in the circumierential direction, and i1nner linking
portions 51 and 52 and outer linking portions 53 and 54 for
annularly linking the linking portions 31¢ and 32c¢ respec-
tively at the inner side and the outer side 1n the radial direction
are formed. In this state, the conductive plates 55 and 56 are
punched out 1n a manner that the outer terminals 31a and 32a
are Tormed spaced from one another in the circumierential
direction, and the inner terminals 316 and 324 are formed
spaced from one another in the circumierential direction. At
the same time, the holes 314 and 31e and the projections 324
and 32e are formed. Further, at the same time, the linking
portions 31¢ 1n the first short-circuit member formation group
31 are curved to project toward one side 1n the axial direction
from the outer terminals 31a and the inner terminals 3154.

The conductive plates 35 and 56 are punched out from the
side of the surfaces of the second short-circuit member for-
mation groups 31 and 32 facing each other toward the oppo-
site surfaces. More specifically, the conductive plate 35 cor-
responding to the first short-circuit member formation group
31 1s punched out downward 1n FIG. 1. The conductive plate
56 corresponding to the second short-circuit member forma-
tion group 32 1s punched out upward in FIG. 1. Further, the
conductive plate 55, which corresponds to the first short-
circuit member formation group 31, 1s thinner than the con-
ductive plate 56, which corresponds to the second short-
circuit member formation group 32, and 1s formed from a
material having a smaller electrical resistivity than the con-
ductive plate 56. More specifically, the conductive plate 55 1s
formed from a copper material, and the conductive plate 56 1s
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formed from a brass material. The surfaces of the conductive
plates 55 and 56 are tin-plated i1n advance.

In the superimposing process, the two conductive plates 55
and 56 that have been punched out are superimposed as
shown 1 FIG. 5. Here, the projections 324 and 32e are
inserted through the holes 314 and 31e (refer to FIG. 6A) and
crimped 1n this state. As a result, the tips of the projections
324 and 32¢ are deformed to cover the openings of the holes
31d and 31e and {ix the two conductive plates 55 and 56 each
other (refer to FIG. 6B).

After the crimping, the overlapping outer terminals 31a
and 32a and the overlapping inner terminals 315 and 325 are
turther spot-welded. In detail, the tin plating between the
outer terminals 31q and 32a and between the inner terminals
315 and 325 1s melted to bond the terminals together.

In the 1insulator filling process, the short-circuit insulator 22
1s formed 1n the conductive plates 35 and 56 as shown by
double-dashed lines in FIG. 5. In detail, the superimposed
conductive plates 55 and 56 are placed in a mold (not shown),
and molten resin material 1s filled into the mold and solidified.
As a result, resin flows 1nto the space between parts of the
conductive plates 55 and 56. This forms a resin portion
including the short-circuit insulator 22.

The resin material used here 1s a thermosetting resin mate-
rial. The molten resin material 1s first injected 1nto spaces
between the linking portions 31¢ and linking portions 32¢
facing one another. The resin material then flows toward other
parts including a part corresponding to the boss 22a through
gaps between the linking portions 31¢ and gaps between the
linking portions 32¢. This forms the resin portion including
the short-circuit insulator 22. The mold used for forming the
resin portion has a resin material injection inlet through
which the molten resin material 1s first injected 1nto the gaps
between the linking portions 31¢ and the linking portions 32c.

In the removing process, the inner linking portions 31 and
52 and the outer linking portions 33 and 34 of the conductive
plates 55 and 56 are punched out and removed. This com-
pletes the manufacture of the short-circuit member 12 shown
in FIG. 2.

Next, 1n a commutator manufacturing process, the short-
circuit member 12 1s attached to an intermediate member,
which becomes the commutator main body 11. In detail, in a
process separate from the manufacturing processes of the
short-circuit member 12, the intermediate member (not
shown) 1s manufactured by molding the main body insulator
14 1n a conductive tubular member (not shown), which
includes the commutator pieces 13. More specifically, 1 a
state 1n which the conductive tubular member 1s arranged 1n a
mold (not shown), a molten resin material 1s filled into the
mold and solidified. This forms a resin portion including the
main body msulator 14 surrounded by the conductive tubular
member. In a process described later, the conductive tubular
member 1s divided to form the twenty-four commutator
pieces 13. The resin matenial used for the molding 1s the
thermosetting resin (phenol resin etc.) described above. The
mold used for the molding has projections (not shown) for
forming the recess 135 (refer to FIG. 7A). Thus, the recesses
13b6 are formed 1n the conductive tubular member with the
mold that molds the resin portion (main body nsulator 14)
when the mold 1s clamped.

The short-circuit member 12 1s fixed to the axial end por-
tion of the intermediate member so that 1ts outer terminals 31a
and 32q are electrically connected to the conductive tubular
member. In detail, 1n a state in which the outer terminals 314
and 32q are arranged 1n the recesses 135b, the short-circuit
member 12 undergoes crimping. More specifically, 1n a state
in which the outer terminals 31a and 32a are arranged 1n the

10

15

20

25

30

35

40

45

50

55

60

65

8

recesses 135, the two side walls of the recesses 1354 are
crimped by the j1g (punch) 41. As a result, the crnmped walls
partially cover the outer terminals 31a and 32a (refer to FIG.
7B).

Next, the conductive tubular member 1s cut into a plurality
of portions in the circumierential direction to form a plurality
(twenty-four) of the commutator pieces 13. This completes
the manufacture of the commutator 4. In this state, the wire
connection portions 13a of the commutator 4 are not yet bent
and the coils § are yet to be hooked to the wire connection
portions 13a.

Next, 1n a provisional assembly process, the armature core
3 and the commutator 4 are assembled with the rotation shatt
2 by pressing the rotation shaft 2 into the armature core 3 and
the commutator 4. In this state, to prevent the distal surface of
the boss 22a from coming 1nto contact with the tubular por-
tion 3a of the armature core 3, a gap 1s formed between the
boss 22a and the tubular portion 3a of the armature core 3 in
the axial direction.

Next, 1n a coiling process, 1n a state in which the coils 5 are
hooked on the wire connection portions 13a, the coils 5 are
wound around predetermined teeth 356 of the armature core 3
by concentrated winding or distributed winding. In this state,
the portion of each coil 5 extending from the corresponding
wire connection portion 13a to the corresponding predeter-
mined tooth 35, that 1s, the crossover wire 54, 1s entwined to
and supported by the boss 22a. More specifically, the cross-
over wire 3a 1s guided free from direct contact with the
rotation shaft 2 so that it 1s not abruptly bent at a sharp
curvature 1n accordance with the diameter of the rotation shaft
2.

In a main assembly process, at least one of the armature
core 3 and the commutator 4 1s pressed and moved along the
rotation shait 2 in a manner that the distal surface of the boss
22a 1s pressed against the tubular portion 3a of the armature
core 3 as shown 1n FIG. 1. This completes the manufacture of
the armature 1.

The armature 1 with the above-described structure enables
clectric current to flow not only through the commutator
pieces 13 that are 1 direct contact with the anode and cathode
power feeding brushes but also through the commutator
pieces 13 that are short-circuited with the commutator pieces
13 that are in contact with the brushes through the short-
circuit conductor 21 of the short-circuit member 12. This
structure reduces the number of the anode and cathode power
feeding brushes required, and enables electric current to be
simultaneously supplied to a larger number of coils 5.

The present embodiment has the advantages described
below.

(1) The short-circuit conductor 21 1s formed by superim-
posing the two short-circuit member formation groups 31 and
32, each of which1s formed as a single layer. The short-circuit
conductor 21 of the present embodiment electrically connects
three outer terminals 31a (32a), which are arranged at 120-
degree 1ntervals, and connect the outer terminals 31a and 32a
to the twenty-four commutator pieces 13. This short-circuits
the commutator pieces 13 that are arranged at 120-degree
intervals. More specifically, the short-circuit conductor 21 of
the present embodiment has a smaller thickness (axial dimen-
s1on) than the conventional short-circuit conductors. Such a
thin short-circuit conductor 21 enables the commutator
pieces 13 to be short-circuits. Further, the short-circuit mem-
ber formation groups 31 and 32 are generally flat and may
casily be formed by punching the conductive plates 35 and 56.

The first short-circuit member formation group 31 1s thin-
ner than the second short-circuit member formation group 32.
In other words, the second short-circuit member formation
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group 32 1s thicker than the first short-circuit member forma-
tion group 31 (refer to FIG. 6A). Thus, when the projections
324 and 32¢ of the second short-circuit member formation
group 32 are formed through punching, the projections 324
and 32e are casily projected by a large amount. Further,
because the first short-circuit member formation group 31 1s
thinner than the second short-circuit member formation
group 32, the holes 314 and 31e of the first short-circuit
member formation group 31 are formed with a relatively short
length 1n the axial direction. This facilitates crimping when
the projections 324 and 32¢ are inserted through the holes 314
and 31e. In detail, the structure in which the tips of the
projections 324 and 32¢ are crimped to cover the openings of
the holes 314 and 31e (refer to FIG. 6B) 1s easily obtained. As
a result, the electrical and mechanical connection between the
two short-circuit member formation groups 31 and 32 1s
strong and easily realized. Further, the linking portions 31c¢
and 32c¢ are spaced from each other in the superimposing
direction and do not come in contact with each other. As a
result, the linking portions 31¢ and 32¢ are prevented from
rubbing against each other and are prevented from being
clectrically connected to each other (layer short). This
improves the electrical reliability of the commutator.

(2) The first short-circuit member formation group 31 1is
thinner than the second short-circuit member formation
group 32 but 1s formed from a copper material, which has a
smaller electric resistivity than the brass material used for the
second short-circuit member formation group 32. As a result,
the short-circuit member formation groups 31 and 32 have
substantially the same electric resistance. The second short-
circuit member formation group 32, which 1s formed from a
material having a greater electric resistivity than the material
of the first short-circuit member formation group 31, may be
formed from a low-cost material such as a brass material. This
prevents a cost increase.

(3) The short-circuit conductor 21 excluding the outer ter-
minals 31a and 32a 1s embedded in the short-circuit insulator
22. Thus, the linking portions 31¢ and 32¢ remain spaced
away from each other. This prevents the linking portions 31c¢
and 32¢ from rubbing against each other and prevents the
short-circuit conductor 21 and the coils 5 from rubbing
against each other. Thus, they are not electrically connected to
cach other (layer short).

(4) The main body isulator 14 of the commutator main
body 11 and the short-circuit insulator 22 of the short-circuit
member 12 are formed from different materials. More spe-
cifically, the main body insulator 14 1s formed from a material
having superior heat expansion and contraction characteris-
tics and a high mechanical strength (a thermosetting resin,
namely, a phenol resin 1n the present embodiment). This
reduces displacement of the commutator pieces 13 1n the
radial direction. The short-circuit member 12 including the
short-circuit insulator 22 1s arranged on the axial end portion
of the commutator main body 11. Thus, even though the
short-circuit insulator 22 1s formed from a material having
relatively poor heat expansion and contraction characteristics
and a relatively low mechanical strength (a thermoplastic
resin in the present embodiment), the short-circuit insulator
22 does not greatly increase displacement of the commutator
pieces 13 from one another 1n the radial direction. Thus, the
short-circuit insulator 22 may be formed from a material
having poor heat expansion and contraction characteristics
and a low mechanical strength. In this case, the short-circuit
member 12 1s manufactured at a low cost and 1s easily
recycled.

(5) The conical inclined surfaces T are formed at the open-
ings of the holes 314 and 31e. Thus, the tips of the projections
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324 and 32¢, which are crimped, easily cover the openings of
the holes 314 and 31e. More specifically, when the inclined
surfaces T are not formed in the openings of the holes, the
projections inserted through the holes need to be formed
suificiently larger than the plate thickness of the first short-
circuit member formation group 31 to ensure that crimping 1s
performed. However, such long projections are difficult to
form by punching. Further, when the inclined surfaces T are
not formed 1n the openings of the holes, parts of the crimped
projections may protrude from the surface of the short-circuit
member formation group. Such problem does not occur with
the present embodiment since the inclined surfaces T are
formed 1n the openings of the holes 314 and 31e.

(6) The length of the projections 324 and 32e 1s greater than
the plate thickness of the first short-circuit member formation
group 31. Thus, parts of the projections 324 and 32e that are
crimped cover the entire inclined surfaces T. This increases
the fixing strength of the short-circuit member formation
groups 31 and 32.

The above embodiment may be modified 1n the following
forms.

In the above embodiment, the commutator 4 includes the
twenty-four commutator pieces 13, with three commutator
pieces 13 arranged at 120-degree intervals short-circuited
with one another. However, the number of the commutator
pieces 13 included in the commutator 4 should not be limited
to twenty-four, and the angular interval at which the short-
circuited commutator pieces 13 are arranged 1s not limited to
120 degrees. For example, the commutator 4 may include
sixteen commutator pieces 13, with two commutator pieces
13 arranged at 180-degree intervals short-circuited with each
other. In this case, the structure of the short-circuit member 12
1s modified accordingly.

In the above embodiment, the linking portions 31c¢ 1n the
first short-circuit member formation group 31 are curved 1n a
direction in which the linking portions 31¢ are spaced from
the linking portions 32¢ in the second short-circuit member
formation group 32. However, this may be changed to other
structures. It 1s only required that the linking portions 31¢ and
32c¢ are prevented from coming 1nto contact with each other.

For example, as shown in FIG. 8, linking portions 61a and
62a 1n two short-circuit member formation groups 61 and 62
may be bent with respect to outer terminals 615 and 625 and
inner terminals 61¢ and 62¢1n a direction 1n which the linking
portions 61a and 62a included 1n the two short-circuit mem-
ber formation groups 61 and 62 are spaced from each other so
that the linking portions 61a and 62a do not come in contact
with each other i1n the superimposing direction of the short-
circuit member formation groups 61 and 62.

Further, as shown 1n FIG. 9, linking portions 71a and 72a
in two short-circuit member formation groups 71 and 72 may
be formed to be thinner than outer terminals 715 and 725 and
inner terminals 71¢ and 72c¢. In this case, the linking portions
71a and 72a do not come 1n contact with each other 1n the
superimposing direction of the short-circuit member forma-
tion groups 71 and 72.

Further, an insulator paper may be arranged between the
linking portions in the two short-circuit member formation
groups to prevent the linking portions from coming into con-
tact with each other 1n the superimposing direction. Further,
instead of the short-circuit insulator 22, such an insulator
paper may be used to maintain the imntervals between different
parts of a short-circuit conductor.

In the above embodiment, the linking portions 31¢ and 32¢
in the short-circuit member formation groups 31 and 32
respectively link the outer terminals 31a and 32a and the
inner terminals 3156 and 325) that are arranged at positions
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separated from one another by the predetermined angle 1n the
circumierential direction. However, 1t 1s only required that the
linking portions 1n at least one of the short-circuit member
formation groups link the outer terminals and the nner ter-
minals that are arranged at positions separated from each
other by the predetermined angle in the circumierential direc-
tion. That 1s, the linking portions 1n the other one of the
short-circuit member formation groups may extend only 1n
the radial direction to link the outer terminals and the inner
terminals that are not separated in the circumierential direc-
tion.

In the above embodiment, each of the linking portions 31c¢
and 32c¢ extends along an involute curve. However, the curve
along which each linking portion extends should not be lim-
ited to an involute curve. Further, the linking portions 31¢ and
32¢ may extend along a straight line inclined with respect to
the radial direction.

In the above embodiment, the first short-circuit member
formation group 31 i1s formed from a material having a
smaller electric resistivity than the material used for the sec-
ond short-circuit member formation group 32. The present
invention should not be limited to this structure. The two
short-circuit member formation groups 31 and 32 may be
formed from the same material.

In the above embodiment, the two short-circuit member
formation groups 31 and 32 are fixed through crimping and
spot-welding. However, the present invention should not be
limited to this structure. The welding need not be performed,
or welding other than the spot welding may be performed. In
the above embodiment, the short-circuit member formation
groups 31 and 32 are bonded together by melting the tin
plating applied 1n advance to the short-circuit member for-
mation groups 31 and 32. However, the base matenals of the
short-circuit member formation groups 31 and 32 may be
melted to bond the short-circuit member formation groups 31
and 32 together.

In the above embodiment, the main body insulator 14 of the
commutator main body 11 and the short-circuit insulator 22
of the short-circuit member 12 are formed from different
materials. However, the present invention should not be lim-
ited to this structure. The main body insulator and the short-
circuit insulator may both be formed from a thermosetting
resin (a phenol resin etc.).

In the above embodiment, the boss 22a 1s integrally formed
with the short-circuit insulator 22. However, the present
invention should not be limited to this structure. The boss 22a
may be omitted from the short-circuit insulator 22. Further, in
the above embodiment, the short-circuit insulator 22 has the
large-diameter portion 22b. However, the large-diameter por-
tion 226 may be omitted from the short-circuit mnsulator 22.

In the above embodiment, the boss 22a functions to posi-
tion the commutator 4 with respect to the armature core 3 in
the axial direction and also functions to guide the crossover
wires 5Sa. However, the boss 22a does not have to have the two
functions and may have only one of the functions.

In the above embodiment, the conical inclined surfaces T
are formed at the holes 314 and 31e. However, the inclined
surtaces T do not have to be formed.

The short-circuit member 12, the commutator 4, and the
armature 1 in the above embodiment do not have to be manu-
factured using the manufacturing methods described above.

The mvention claimed 1s:
1. A commutator comprising:

a commutator main body including a cylindrical main body
insulator and a plurality of commutator pieces held on an
outer circumierential surface of the main body 1nsulator
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so that the commutator pieces are arranged 1n a circum-
ferential direction of the main body insulator; and

a short-circuit member attached to the commutator main
body and including a short-circuit conductor that short-
circuits the commutator pieces;

wherein the short-circuit conductor includes first and sec-
ond short-circuit member formation groups arranged
with one of said first and second short-circuit member
formation groups superimposed over the other with
respect to a direction of an axis of the commutator, with
cach of the short-circuit member formation groups hav-
ing a plurality of outer terminals arranged about the axis
of the commutator, a plurality of inner terminals
arranged about the axis of the commutator radially
inward from the outer terminals, and a plurality of link-
ing portions linking each of the outer terminals to one of
the mner terminals, wherein the linking portions 1n at
least one of the first and second short-circuit member
formation groups links the outer terminals and the inner
terminals that are separated from each other by a prede-
termined angle in the circumierential direction;

wherein each of the outer terminals 1n the first short-circuit
member formation group contacts one of the outer ter-
minals in the second short-circuit member formation
group, each of the inner terminals in the first short-
circuit member formation group contacts one of the
inner terminals 1n the second short-circuit member for-
mation group, and the linking portions in the first short-
circuit member formation group are maintained in non-
contact with the linking portions in the second short-
circuit member formation group; and

wherein the first short-circuit member formation group 1s
thinner than the second short-circuit member formation
group with respect to the direction of the axis of the
commutator, the second short-circuit member formation
group has a plurality of projections formed through
punching, the first short-circuit member formation
group has a plurality of holes respectively corresponding
to the projections, and the first short-circuit member
formation group and the second short-circuit member
formation group are {ixed to each other by crimping the

projections in a state iserted through the corresponding
holes.

2. The commutator according to claim 1, wherein the first
short-circuit member formation group 1s formed from a mate-
rial having a smaller electric resistivity than the second short-
circuit member formation group.

3. The commutator according to claim 2, wherein the first
short-circuit member formation group 1s formed from a cop-
per material, and the second short-circuit member formation
group 15 formed from a brass material.

4. The commutator according to claim 1, wherein the short-
circuit member 1includes a short-circuit insulator for holding
the short-circuit conductor 1n a state embedded in the short-
circuit insulator.

5. The commutator according to claim 4, wherein the main
body insulator and the short-circuit insulator are formed from
different materials.

6. The commutator according to claim 5, wherein the main
body msulator 1s formed from a thermosetting resin, and the
short-circuit insulator 1s formed from a thermoplastic resin.

7. The commutator according to claim 1, wherein the holes
have openings opposite the second short-circuit member for-
mation group and include conical inclined surfaces having a
diameter that 1s outwardly enlarged.
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8. The commutator according to claim 7, wherein the pro-
jections are punched out to have a length greater than a plate
thickness of the first short-circuit member formation group.

9. The commutator according to claim 1, wherein the pro-
jections are formed on the outer terminals and the 1inner ter-
minals 1n the second short-circuit member formation group,

and the holes are formed 1n the outer terminals and the 1nner
terminals 1n the first short-circuit member formation group.

10. The commutator according to claim 1, wherein at least
cither one of the linking portions in the first short-circuit
member formation group and the linking portions 1n the sec-
ond short-circuit member formation group are curved or bent
to be spaced from the other one of the linking portions 1n the
first short-circuit member formation group and the linking
portions 1n the second short-circuit member formation group
in a superimposing direction of the two short-circuit member
formation groups.
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11. The commutator according to claim 1, wherein the
linking portions are thinner than the outer terminals and the
inner terminals 1n at least one of the first short-circuit member
formation group and the second short-circuit member forma-
tion group.

12. The commutator according to claim 1, wherein the
short-circuit member 1s arranged at one axial end of the com-
mutator main body.

13. An armature comprising:

the commutator according to claim 1;

a rotation shaft extending through the axis of the commu-

tator;

an armature core fixed to the rotation shaft so as to be

axially aligned with the commutator, wherein the arma-
ture core has a plurality of teeth; and

a plurality of coils wound around the teeth.
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